Bivalve molluscs can concentrate contaminants, including pathogenic microorganisms, from the water column during their normal filter-feeding activity. In the European Union, the risk of human and animal faecal contamination in bivalves is estimated by determining the concentration of Escherichia coli in time-series samples from production areas. A structured field study was undertaken to determine the extent to which such concentrations varied between sites, sampling occasions and shellfish species and to determine the residual variability of the method. E. coli was enumerated in three species of bivalve mollusc (Crassostrea gigas, Mytilus spp. and Pecten maximus) co-located in each of three geographically separate commercial shellfisheries. The data were subjected to analysis of variance (ANOVA). This showed that the effects of site, sampling occasion, species and site/sampling occasion interaction were all significant. The proportion of variation due to site was markedly greater than that due to other factors. Post-ANOVA analysis showed that the concentration of E. coli in P. maximus was significantly higher than in the other two species. Mytilus spp. and C. gigas exhibited comparable levels of E. coli. The observed standard deviation of the most probable number method in the study was 0.33 log 10 .
INTRODUCTION
Bivalve molluscs feed by filtering microalgae from the water column. During this activity, they can take up and concentrate a range of contaminants, including microorganisms. If these microorganisms include human pathogens, consumption of the bivalves may lead to illness, usually gastroenteritis (Rippey ; Lees ). Classification of bivalve mollusc harvesting areas is undertaken to provide an estimate of the risk of contamination from faecal sources:
individual pathogens may or may not be present at a specific time depending on whether they are present in the contaminating sources. In the European Union, classification is based on the enumeration of Escherichia coli (a microbiological indicator of faecal contamination) in time-series samples from each production area (Anon a, b, ) . Under EU legislation, classification of bivalve mollusc harvesting areas is not necessarily required for Pectinidae. If Pectinidae are harvested from outside classified areas, then microbiological testing is undertaken after the landing of harvested bivalves.
In the UK, aquaculture scallops are currently monitored and classified. The requirements of food hygiene legislation relating to bivalve molluscs and the background to the microbiological monitoring programmes have been described 
MATERIALS AND METHODS

Fieldwork
Mytilus spp., C. gigas and P. maximus were placed in mesh bags at three geographically separate sites (designated K, L and M) in England and Wales. Duplicate samples of each species were taken from each site on a monthly basis for a period of eight months. The outside of the sample animals was rinsed in clean water, and the individuals were then drained, placed in a plastic bag and transported to the laboratory in a coolbox to maintain the temperature between 1 and 8 W C.
Bacteriological testing
Each sample was tested using the European reference method for E. coli in bivalve molluscs (Donovan et al.
; ISO ).
Essentially, this consisted of a first stage of homogenisation of flesh and intravalvular fluid from at least ten individual animals in 0.1% peptone. Duplicate aliquots of each homogenate were then subjected to the 
Data analysis
The E. coli results were log 10 -transformed and an analysis of variance (ANOVA) was performed using the general linear modelling functionality within Minitab 15: site, sampling occasion and species were coded as factors.
RESULTS AND DISCUSSION
The output from the ANOVA is given in Table 2 and the main effects plot from the analysis is given in Figure 1 . Diagnostic plots (not shown) were satisfactory. The adjusted R 2 value was 0.78: a large proportion of the variability in the log 10 E. coli values was therefore explained by the identified factors and interactions. From Table 1 it can be seen that the geographical site, sampling date and bivalve species all had a highly significant effect on the levels of E. coli detected (p < 0.001). A highly significant interaction between site and sampling date was also detected (p < 0.001). Of the factors found to have a significant impact on E. coli levels, geographical site was responsible for the highest variability between samples (51%) followed by sample date (9%) then species (5%). The difference in E. coli results between shellfish species was shown to be independent of the geographical site and sample date. The factor explaining most of the variability in the E. coli data was site. The main effects plot (Figure 1) shows that each pair differed by more than 0.5 log 10 . This was not unexpected as the sites analysed were geographically distinct and were selected to reflect likely low (site L), medium (site K) and high (site M) levels of microbiological pollution. A previous geospatial study in France showed that faecal contamination varied significantly across a mussel farming area (Beliaeff & Cochard ) . The types and loads of pollution sources, the distance between these and the monitoring points, and the hydrography of the areas will all differ greatly between sites and will thus influence the average levels of E. coli seen in the bivalves. These Bivalve species were also found to be a significant factor affecting the observed levels of E. coli. The effect was found to be independent of the geographical site and sampling
occasion. An extension of the initial ANOVA analysis showed that Mytilus spp. and C. gigas exhibited similar levels of contamination, while P. maximus showed significantly higher levels of contamination when grown under the same conditions.
Previous studies comparing the levels of E. coli contamination between bivalve shellfish species have shown inconsistent results. In some studies using monitoring data, 
